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Random variable at population 

level



Sample description
Open the file "itcf.txt": Weight and growth measurements on a sample of piglets

mydata<-read.table(file.choose(), sep=";", header=T, dec=".")

names(mydata)
"pig" "birthw" "litterw" "weanw" "weanage"  "adgbirth" "adg" 

Number of observations

nrow(mydata)
80

Mean of birth weight

m<-mean(mydata$birthw)
1.251125

Unbiased estimator of the variance

var(mydata$birthw)
0.04829112

Unbiased estimator of the standard deviation

sd<-sd(mydata$birthw)
0.2197524
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Sample description

hist(mydata$birthw, col="blue", xlab="Weight", ylab="Number 
of piglets")

1st Qu. Median 3rd Qu. 

quantile(mydata$birthw, data = 
mydata, probs = c(0.10, 
0.25, 0.50, 0.75, 
0.90))

10% 25% 50% 75% 90% 
1.0 1.1 1.2 1.4 1.5 

In the sample, 

�Half of the piglets weight less than 

1.2kg and half of the piglet weight 

more than 1.2kg

�The proportion of piglets 

weighting less than 1kg is 10%



Graphics

summary(mydata$birthw)
Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
0.600   1.100   1.200   1.251   1.400   1.700

boxplot(mydata$birthw)

Median

Q25%

Q75%

The smallest data > Q25% – 1.5 × (Q75% – Q25%)

The highest value < Q75% + 1.5 × (Q75% – Q25%)

Outlier



Concept of Random variable

Piglet weight is a Random variable

•Not constant, can take different values

•At the individual level weight is unpredictable before 

observation or measurement

•However, at the population level, the relative frequency of the 

possible weight values can be described using a Probability 

distribution



Distribution representation
(example with Normal distribution)

hist(mydata$birthw, xlab="Weight",ylab="Number of 
piglets",xlim=c(0.5,2),probability=T)
curve(dnorm(x, mean=m, sd=sd), col="red", lwd=3,  add=T)

Density distribution

• Smooth curve

• Like histogram with y axis scaled as 

densities instead of counts

•The area under the curve give the 

probability of events

•For a quantitative variable such as weight, the type of distribution used to describe 

the relative frequency of possible weights in a population is usually the normal 

distribution



Normal distribution representation
x<-seq(0,2.5,0.1)
par(mfrow=c(1,2))
curve(pnorm(x ,mean=m, sd=sd),xlim=c(0.7,1.8),col="red",lwd=3,ylab="Cumulative Probability", 
xlab="Weight")
curve(dnorm(x, mean=m, sd=sd),xlim=c(0.7,1.8),col="red",lwd=3,ylab="Density", xlab="Weight")

Cumulative Probability function Density function

derivative

primitive

slope
area
under
curve

pnorm() dnorm()



Normal distribution representation
x<-seq(0,2.5,0.1)
par(mfrow=c(1,2))
curve(pnorm(x ,mean=m, sd=sd),xlim=c(0.7,1.8),col="red",lwd=3,ylab="Cumulative Probability", 
xlab="Weight")
curve(qnorm(x, mean=m, sd=sd),ylim=c(0.7,1.8),col="red",lwd=3,ylab="weight", xlab="Quantile")

Cumulative Probability function Quantile function

reciprocal

qnorm()pnorm()



Determining a probability from a range

The weight of a piglet population is normally distributed (Mean = 1.2 kg, Sd= 0.22)

What is the probability that a randomly selected animal will be:

-Between 1.1 and 1.5 kg?

pnorm(1.5, mean=m, sd=sd)-
pnorm(1.1, mean=m, sd=sd)
[1] 0.625474
�The probability to sample a pig between 1.1 

kg and 1.5 kg is 62%



Normal distribution

What is the range that includes the 60% less extreme weights in the population?

qnorm(0.20, mean=m, sd=sd)
1.066177
qnorm(0.80, mean=m, sd=sd)
1.436073

Confirmation

pnorm(1.436073, mean=m, sd=sd)-
pnorm(1.066177, mean=m, sd=sd)
0.60



Comparison of sample data with 

normal distribution
par(mfrow=c(1,1))
qqnorm(mydata$birthw)
par(add=T)
qqline(mydata$birthw)

hist(mydata$birthw, 
xlab="Weight",ylab="Number of 
piglets",xlim=c(0.5,2),probabili
ty=T)
curve(dnorm(x, mean=m, sd=sd), 
col="red", lwd=3,  add=T)



Some distributions

R function Distribution Variable Parameters Example

norm Normal Continuous Mean, Standard

deviation

Weight of 

piglets

binom Binomial Discrete Sample size, 

probability

Number of 

infected 

animals within 

a herd

pois Poisson Discrete Mean counting

Add a:

�“d” prefixe for  probability density function

� “p” for the cumulative probability function

� “q” for the quantiles function

�“r” for the random function



Discrete probability distributions

Poisson

Binomial



Poisson distribution
Counting (events or individuals)

P (μ)

Counting events

Mean = Variance: μ=σ²=np

P(X)=
μx

X!

e-μ

In a country, let’s imagine that the number of 
outbreaks of Foot and Mouth Disease per year in 
domestic cattle follows a Poisson distribution, 
which parameter is μ =3.

It means that there are on average 3 outbreaks 
per year.

What is the probability to have no outbreak in a 
year?

dpois(0, 3)
0.04978707



Interpretation of density and cumulative 
probability function for discrete distributions

ppois(10,3)
0.9997077

The probability that the number of outbreaks is less than 11 is 0.9997

dpois(10,3)
0.0008101512

dpois(0:10,3) Probability of each possible outcome from 0 to 10
0.0497870684 0.1493612051 0.2240418077 0.2240418077 
0.1680313557 0.1008188134 0.0504094067 0.0216040315
0.0081015118 0.0027005039 0.0008101512

sum(dpois(0:10,3)) Similar to ppois(10,3)
0.9997077

The probability that the number of outbreaks is exactly 10 is 0.00081. The 
interpretation of the density function is more straghtforward than with the normal 
distribution

qpois(0.5,3)
3



Binomial distribution

В (n,p) Number of success

n number of trials, p probability of success in a binary trial

Mean = np, Variance = np(1-p) 

p(x)=
n

x
px(1-p)n-x

We consider an endemic disease with prevalence rate = 

15% .  The binomial distribution allows us to describe 

the random variable: number of sick animals within a 

herd. 

Let us consider a herd of 20 animal, the number of sick 

animal will be described by a binomial distribution of  

parameters p=0.15, n=20

barplot(dbinom(0:20,20,0.15), 
names=as.character(0:20))




